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While classifying 27 new finds of type 4-6 ordinary chondrites from 
Roosevelt Co. ( R C )  , N . M .  , we found four of the 27 thin sections to contain 
rare olivine and low-Ca pyroxene objects (single grains, crystals, chondrules 
and clasts) with Fel(Fe+Mg) ratios quite different from their hosts. We believe 
that these objects were not metamorphosed in situ and must have been 
incorporated after peak metamorphism, despite the lack of features in the 
sections that would normally' be associated with chondritic fragmental breccias, 
such as obvious brecciation and chondritic clasts (1). Since few such 
anomalous objects in "normal" type 4-6 ordinary chondrites have been reported 
(2,3,4) and since the Roosevelt Co. meteorites are well-weathered finds, we 
chose 2 1  type 4-6 falls not known to be fragmental breccias and searched for 
more examples. Three of the 2 1  meteorites were found to contain a total of six 
anomalous objects. We describe these and argue that the meteorites are 
breccias composed of material with diverse metamorphic histories. 

Technique. About 20 olivines and 20 low-Ca pyroxenes in each section 
were randomly selected and analyzed with an ARL EMX-SM microprobe to 
establish the mean compositions of the main populations. The entire section was 
then surveyed semiquantitatively for another 70 grains. When objects were 
found that deviated in composition from the main population, these were 
quantitatively analyzed in detail (6-40 analyses per object). 

Occurrences (Table 1). RC 006 (L6) contains a single olivine crystal that 
shows no FeO depletion near i ts  edges, despite i ts  non-L composition. RC 009 
( H 5 )  contains an 8 mm H6 clast similar to one described by Binns (5). RC()14 
( L 5 )  contains a 7 mm clast which consists of olivine and three pyroxenes: an 
inverted protopyroxene (Fs15 Wol), orthopyroxene (Fs14 Wo2-4), and small 
amounts of diopside (Fs5 Wo47). The compositional contrast with the host, the 
unusual occurrence of three pyroxenes (6) ,  and the limited FeO depleteion 
near the edges preclude metamorphism in situ. RC 028 (L5) contains a 1 . 4  m m  
porphyritic olivine chondrule with 100-300 um olivines much lower in FeO than 
their host; other olivine chondrules of similar type and size in the section are 
completely equilibrated. Bjurbole (L4) contains four anomalous objects. A is a 
350 um diameter low-Ca pyroxene crystal with a Fa26 olivine inside. About 25% 
of i ts  perimeter is Fs21; the remainder and the clast interior vary irregularly 
from Fs16-19. Another low-Ca pyroxene crystal ( B )  , 250 um in apparent size, 
is radially zoned, Fs21 at the edge and Fs30 at the center. Several other 
pyroxene clasts in Bjurbole of similar size are completely equilibrated, 
suggesting partial equilibration for B.  C and D are low-Ca radial pyroxene 
chondrules; both are radially zoned, Fs21 at the edge and Fs25 at the centers. 
Several other chondrules of similar size and type in Bjurbole are completely 
equilibrated. Kesen (H4) contains a 500 um low-Ca pyroxene crystal, Fs19 at 
the center. The rim is mostly Fs15 like the host but three data points less 
than 10 urn from the edge are Fs19, Fs19 and Fs17, respectively. Conquista 
( H 4 )  contains a polycrystalline fragment of low-Ca pyroxene with Fs l l  (6  6 from 
the host mean) less than 50 um from the edge. 

Discussion. The presence of these anomalous objects in "normal" 
equilibrated chondrites implies that these chondrites are breccias that formed 
after peak metamorphism, not that olivines and pyroxenes were never 
homogenized during metamorphism ( 7 ) .  The great majority of basaltic 
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achondrites can be easily recognized as breccias in thin section, but for 
chondrites the effects of brecciation after metamorphism are more subtle. This 
is because metamorphism in chondrites seldom obliterates the relatively fine 
grained, elastic nature of the parental rock. Three studies claim that many 
ordinary chondrites were assembled after peak metamorphism. Binns (8) 
identified 7 4  such breccias in the 383 he examined, and Rubin et. al. (9 )  
estimate that 5% of H ,  9% of L and 15% of LL meteorites are too. Scott (10) 
claims that most type 3 ordinary chondrites are breccias consisting of materials 
with diverse metamorphic histories. 

Six of the objects we describe are unzoned i. e. , they show no evidence 
of cation exchange with their hosts, despite the existence of equilibrated clasts 
of similar size in that host. We conclude that the objects were introduced after 
metamorphism had ceased. Four objects are radially zoned, suggesting partial 
equilibration with the hosts. In Bjurbole, zoned and unzoned anomalous objects 
coexist, raising the possibility of multiple brecciation events during and after 
metamorphism (11). 

We argue that breccias that formed after peak metamorphism are more 
common than is  widely perceived. Such breccias are readily identified when 
clast composition and/or texture are distinct from the host's, as with many 
basaltic achondrites; but we suspect that many type 4-6 chondrite breccias 
lack these features, as ordinary chondrite parent bodies are remarkably 
homogeneous, except for rare type 3 material. Further, if 15% of the meteorites 
we examined are breccias on the scale of a thin section, it seems likely that 
even more would be recognized as breccias at a larger scale. Since such 
breccias would commonly show normal, old radiogenic ages and apparently 
coherent metallographic cooling rates we maintain that i t  would be erroneous to 
conclude that ordinary chondrites have had an uneventful history since 
metamorphism ( 1 2 ) .  If most ordinary chondrites are in fact breccias, the 
reported poor correlation of physical properties with metamorphic type ( 13) is 
not surprising. The Van Schmus-Wood classification needs modification to 
distinguish regolith and fragmental breccias that have formed since 
metamorphism from other chondrites . 
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Table 1. Mean Fa and Fs (mole 8 )  and 1 6  of  samples 

Host  Anomalous Objects 
Occ-urrence Group Fa 16 Fs 1 6  Fa l6 Fs 1 6  Comnents 

RC 006 1-6 25.4+0.8 21 .M0.4  2 9 . 0 . 6  - S ing le  200 pm. o l i v i n e  

RC 009 ~5 1 8 . a 0 . 4  l6.3k0.4 19.4k0.3 16.B0.2  8 mn. H6 c l a s t  
RC 014 ~5 23.7fo.5 19.8fo.4 18 .8~1 .4  see t e x t  7 mn.size; 3 pyroxenes 

RC 028 ~5 23.7k0.5 19.8i0.5 21.MO.2 P o r p h y r i t i c  o l i v i n e  chondrule 

B ju rbo le  A L4 25.8*0.4 21.130.9 26.0 18.4f1.9 Unzoned 350 pm.py roxene 
B I( Is - 24.5t3.7 Zoned pyroxene c r y s t a l  

C II I! 23.3k1.4 Zoned r a d i a l  px. chondrule 
,I I ,I 

D I, ,I - 22.a1.2 

Kesen H4 16.&0.3 14.8*1.2 - 16.8k1.7 Unzoned pyroxene c r y s t a l  

Conquista H4 17.m0.3  14.8i0.6 - 1 3 . 9 1 . 5  250 ~ r n .  pyroxene fragment 
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